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Overview/Motivation

• A proper motion measurement of the young supernova 

remnant 0509-67.5 in the Large Magellanic Cloud

– Image Processing

– Linking Measured Observational Results to calculations 

and hydrodynamic Simulations

• Measuring the Spot Blur on Axis-2 at the Dual-Axis 

Radiographic Hydrodynamic Test Facility (DARHT)

– Use of the Bayesian Inference Engine (BIE)

– Real-world analysis of DARHT data

Unclassified
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Measuring Shock Speeds in a Young Supernova Remnant
Image Reductions/Processing
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Measuring Shock Speeds in a Young Supernova Remnant
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Measuring Shock Speeds in a Young Supernova Remnant
Choice of Measurement Regions
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Measuring Shock Speeds in a Young Supernova Remnant
Method of Measuring Proper Motion
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Measuring Shock Speeds in a Young Supernova Remnant
Results

𝑑𝐿𝑀𝐶 = 50000 𝑝𝑐 = 1.543 × 1018𝑐𝑚

Δ𝑡 = 375 𝐷𝑎𝑦𝑠 = 3.24 × 107 𝑆𝑒𝑐𝑜𝑛𝑑𝑠
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Results

Measuring Shock Speeds in a Young Supernova Remnant
Calculating the Neutral Hydrogen Density
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Hydrodynamic Model Comparison
Initial Ejecta Density Profiles
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Conclusions: Part 1

• The global shock speed for the remnant is measured to be 
𝑣𝑠 = 6500 ± 200 𝑘𝑚 𝑠−1 for an assumed distance to the Large 
Magellanic Cloud being 50 kpc.

• Using this global shock speed we calculate a neutral 
hydrogen density of 𝜌𝐻0 = 1.95 ± 0.07

𝜖ℎα

0.2
× 10−25𝑔 𝑐𝑚−3

• Using our measured global shock speed and remnant size 
and comparing them to 1D hydro simulations we find an age 
of 310−30

+40 𝑦𝑒𝑎𝑟𝑠 for our preferred evolutionary model (initial 
exponential density distribution with an initial explosion energy 
of 𝐸0 = 1 × 1051 ergs).

• We are able to use our measured shock speed, remnant 
speed, and our neutral hydrogen density results coupled with 
the post-shock hydrogen densities from Williams et al. 2011, 
to determine a maximum shock compression of 

𝜌𝑠

𝜌0
≤ 7. 

Unclassified
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Balmer emission for Balmer-dominated Remnants
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Unclassified



Slide 35

O F F I C I A L  U S E  O N L Y

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA

Bonus Slide
Balmer emission for Balmer-dominated Remnants

Hγ

Hα

Hα

Hβ

Hβ

Hδ

Hδ

Hγ

Hα spectrum of RCW 86 from 

Helder et al. 2009
• Narrow Hα – collisional excitations of 

hydrogen entering the forward shock

Unclassified



Slide 36

O F F I C I A L  U S E  O N L Y

Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA

Unclassified

Bonus Slide
Balmer emission for Balmer-dominated Remnants
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Hα spectrum of RCW 86 from 

Helder et al. 2009
• Narrow Hα – collisional excitations of 

hydrogen entering the forward shock

• Broad Hα – Charge transfer from 

neutral hydrogen entering the forward 

shock that exchange their electron 

with a post-shock proton


